INTRODUCTION
The floods of January [17] [18] [19] [20] [21] 1953 , occurred in an area extending from the Columbia River in Oregon to the Mattole and lower Eel Rivers in California (fig. 48) , and include the region affected by the major flood of October-November 1950. The 1953 floods not only covered a larger area than the 1950 floods, but also produced peak discharges that were generally greater. However, because a comprehensive report on the 1950 flood has already been published by the Geological Survey (Water-Supply Paper 1137-E, Floods of 1950 in Southwestern Oregon and Northwestern California), only brief data on the 1953 floods are given herein.
This report presents a tabulation of peak discharges at gaging stations during the 1953 floods, and gives the ratios of the peak discharges of the 1953 floods to those of the 1950 floods. Other data presented are a description of the floods, an analysis of flood damage, and a brief analysis of peak discharge at three gaging stations in California. These stations Klamath River near Klamath, Redwood Creek at Orick, and Mad River near Arcata were selected for analysis because the greatest flood damage in 1953 occurred near those sites, and because no flood data were available for those sites when the 1950 flood 321 report was prepared. Daily discharges at gaging stations in the flood area are published in Geological Survey Water-Supply Papers 1285 and 1288, parts 11 and 14 respectively, of the series "Surface Water Supply of the United States" for the water year 1953, but are not included in this report.
FLOODS OF JANUARY IN OREGON AND CALIFORNIA

GENERAL DESCRIPTION OF THE FLOODS
The floods of January [17] [18] [19] [20] [21] 1953 , were caused by an intense frontal storm that extended over the western parts of Washington and Oregon, and northern California, from the Canadian border on the north to San Francisco Bay on the south. This storm, which centered over northwestern California and southwestern Oregon, reflected the effect of the combination of a moist unstable airmass, strong westsouthwest winds, and the orientation of the coastal mountain ranges at right angles to the flow of air. The combination of these three factors repeatedly is found in Pacific Coast winter storms; but an unusual feature was the persistence of the strong flow of moist air. Rain started falling on January 15 in the north half of the area shown on figure 48, but there was no precipitation until the following day in the south half of the area. The storm reached its maximum intensity on January 17 and 18, and continued until January 20. The meteorology of this storm has been described in detail in the "Monthly Weather Review" for January 1953, a U. S. Weather Bureau publication.
The isohyetal map (pi. 9) 1 presents a generalized picture of theareal distribution of the precipitation of January 15-20. The isohyets clearly show the orographic influence of the Coast Range. The storm spent itself on the west slopes of the Cascade Range. The greatest storm total recorded at any Weather Bureau station was 21.21 inches at Klamath, Calif., but a privately owned precipitation gage near Crescent City, Calif, had a total catch of 23.02 inches. The greatest 24-hour precipitation catch, 9.86 inches, was likewise recorded at Klamath.
Conditions were favorable for high runoff from the storm because of a series of six antecedent storms in December 1952 and January 1953. The last of these storms was closely followed by the storm of January 15-20. During this latter period unusually high temperatures prevailed and the freezing level was above the 5,000-foot altitude, so that relatively little precipitation fell as snow. There was little snow cover in the Coast Range prior to this storm, but melting snow did increase the flow of those streams heading in the Cascade Range.
As the intense rains of January 17-18 fell on saturated ground, streams rose rapidly on those 2 days. Most of the streams crested on January 18 or 19, but continuing rains slowed the streamflow recession and many streams had secondary peaks on January 20 (figs. 49 and 50 (table 3) .
Ground-water storage may have appreciably reduced flood peaks in the Rogue and North Umpqua River basins. The soil and mantle rock in the upper parts of these basins near Crater Lake are of volcanic origin and very porous. Large quantities of rain and snowmelt are absorbed, and released gradually during the ensuing weeks and months.
Another moderating factor is channel storage, which is effective on the flat, lower reaches of larger rivers. This reduced the peak dis- charge of the Willamette River from 251,000 cfs at Salem to 248,000 cfs at Wilsonville. In the intervening drainage area of 1,120 square miles, Mill Creek at Salem reached a peak of 10 cfs per square mile on January 18, South Tamhill Eiver near Whiteson reached a peak of 41 cfs per square mile on January 19, and North Yamhill River at Pike reached a peak of 48 cfs per square mile on January 18. Despite the large contributions by intervening tributaries, the peak discharge of the Willamette River decreased 3,000 cfs between Salem and Wilsonville.
ANALYSIS OF PEAK DISCHARGE
As mentioned in the introduction and illustrated by table 2 and figure 51, the floods of January 17-21,1953, affected a larger area and, in general, had greater peak discharges than the floods of OctoberNovember 1950. The 1950 flood was the subject of a comprehensive report, Geological Survey Water-Supply Paper 1137-E, but at the time of preparation of that report no discharge data were available for the three California stream-gaging stations Klamath River near Klamath, Redwood Creek at Orick, and Mad River near Arcata. Because of this deficiency in discharge data in 1950 and because the greatest flood damage in 1953 occurred in the vicinity of these stations, the flood hydrology of the basins above these sites is discussed in some detail in the paragraphs that follow.
KLAMATH RIVER NEAR KLAMATH, CALIF.
A gaging station was established at this site near the mouth of Klamath River in December 1919. It was discontinued in June 1926 and was not reactivated until November 1950. The basin upstream from this station is a complex area of about 12,100 square miles. Hydrologically, the Klamath River basin is divided into two sections at Keno, Oreg., 25 miles upstream from the California border. The upper basin is a high volcanic plateau about 4,000 square miles in area, composed of broad, flat valleys separated by low mountain ranges. The lower section is a rugged mountainous region about 8,000 square miles in area. The Shasta, Scott, Salmon, and Trinity Rivers are the principal tributaries of the Klamath River.
Peak discharge for Klamath River near Klamath can be reliably predicted from the sum of the peak discharges for Klamath River at Somesbar and Trinity River near Hoopa ( fig. 52 ). Trinity River enters the Klamath River 23 miles downstream from the Somesbar gaging station, but the timing of peak discharges at the Somesbar and Hoopa stations is generally such that the Klamath River crests passing Somesbar arrive at the mouth of Trinity River almost simultaneously with the Trinity River crests passing Hoopa. This timing is favored by the fact that flood crests on Trinity River near Hoopa are commonly very broad owing to the timing of the peak discharges that occur on the two principal branches of Trinity River the South Fork and the main stem above the South Fork.. The ungaged area above the gaging station on Klamath River near Klamath is only 780 square miles, or 6,4 percent of the drainage area above that point, and hence contributes only a small amount, percentagewise, to the peak discharge at the Klamath gaging station. Partly for that reason and partly because of the favorable timing of the peaks that pass the Somesbar and Hoopa gaging stations, the dispersion of points on the graph of relationship ( fig. 52) is small, and an attempt to improve the relationship by estimating the effect of the contribution from the ungaged area seems not to be warranted.
Because the peaks passing the Somesbar gaging station are sharp and those passing the Hoopa gaging station are broad, the time of occurrence of peaks at the one on Klamath River is more closely related to the time of occurrence of peaks at the Somesbar station than at the Hoopa station. In general, about 8 or 9 hours are required for flood crests passing the gaging station on Klamath River at Somesbar to reach the one on Klamath River near Klamath.
The upper section of the Klamath River basin did not experience floodflows either in October-November 1950 or in January 1953. The small contribution of the upper basin to floodflows downstream is evident from an inspection of the record in table 2 for Klamath River below Fall Creek near Copco, Calif. During the flood of OctoberNovember 1950, the peak flow for Klamath River near Klamath occurred on October 29, before the installation of a recording instrument at that station. The relationship graph of figure 52 indicates, however, that the peak discharge on that day was about 170,000 cfs. This discharge is substantiated by the knowledge that the crest stage was slightly below that observed for the peak of February 5, 1951, also shown on the graph. On the basis of a preliminary study of regional flood frequency a discharge of 170,000 cfs has a probable recurrence interval, as an annual peak, of about 3 years. The peak discharge in January 1953 was 297,000 cfs. The study of regional flood frequency indicates that a discharge of 297,000 cfs may be expected to be equaled or exceeded, on the average, once in about 25 years. This is consistent with our knowledge of historic floods on the river, the 1953 peak having been just slightly exceeded in 1927, and greatly exceeded by the floods of 1862, 1881, and 1890. The 1953 flood at this gaging station has a smaller probable recurrence interval than those for the stations on Redwood Creek and Mad River discussed below, owing to the relatively low peak discharge of Trinity River, which is the principal tributary of Klamath River.
REDWOOD CREEK AT CRICK, CALIF.
A gaging station was established in September 1911 at Orick near the mouth of Redwood Creek. It was discontinued in August 1913 and was not reactivated until September 1953. Redwood Creek drains an area of 278 square miles in the Coast Range. Its basin is roughly rectangular and is about 55 miles long. Redwood Creek follows a northwesterly course throughout its length and is joined by its principal tributary, Prairie Creek, 1.0 mile above the gaging station. Altitudes in the basin range from about 5,000 to about 10 feet above sea level at the gaging site.
There was no gaging station in operation on Redwood Creek at the tune of the floods of October-November 1950 and January 1953. Systematic discharge measurements were made, however, during the 1953 water year, and a stage-discharge relationship established. Based on the assumption that this relationship was valid during the 1950 flood and on a knowledge of the approximate crest stage of the stream, the peak discharge for October-November 1950 is estimated to be 23,000 cfs. A preliminary study of regional flood frequency indicates that this discharge has a probable recurrence interval, as an annual peak discharge, of about 3 years. In January 1953, Redwood Creek had a peak discharge of 50,000 cfs. The study of regional flood frequency indicates that the recurrence interval of a discharge of 50,000 cfs is about 50 years.
MAD RIVER NEAR ARCATA, CALIF.
In December 1910 a gaging station was established at this site near the mouth of Mad River. In September 1913 it was discontinued and was not reactivated until August 1950. The basin upstream from the station has a drainage area of 485 square miles and is roughly rectangular, being about 75 miles long and about 6.5 miles wide. The orientation of this narrow basin is such that it lies almost normal to the usual storm paths. It is a rugged region with four parallel ridges of the Coast Range running most of the length of the basin. Altitudes in the basin range from about 6,000 feet above sea level to about 30 feet above sea level at the gage.
Mad River basin was not seriously affected by the flood-producing storms of October-November 1950. A preliminary study of regional flood frequency indicates that the peak discharge of 29,000 cfs for that flood has a probable recurrence interval, as an annual maximum discharge, of about 2 years. In January 1953, however, the peak discharge was 75,000 cfs. The study of regional flood frequency indicates that a discharge of 75,000 cfs may be expected to be equaled or exceeded, on the average, about once in 50 years.
A unit-hydrograph analysis was made for the storm of January [15] [16] [17] [18] [19] [20] 1953 , to provide information on the flood hydrology of the basin ( fig. 53) thermore, the unit hydrograph requires an arbitrary separation of base flow from surface runoff. The records for the four recording rain gages in the vicinity of the basin (see map on fig. 53 ) show that rainfall was unevenly distributed during the complex storm of January 15-20. The larger bursts of rainfall during the storm occurred at different times at the four rain gages. Despite the shortcomings of the unit hydrograph, it is the best means available for predicting the discharge hydrograph to be expected from complex storms.
FLOODS OF JANUARY IN OREGON AND CALIFORNIA
333
The rainfall and runoff records for the January 1953 flood period indicate that 4 hours is a favorable time base for the unit hydrograph for Mad River near Arcata. The arbitrary separation of runoff into base flow and components of surface runoff, shown on the discharge hydrograph of figure 53, is based on an inspection of the normal recession curve for the gaging station. The recession curve, when plotted on semilogarithmic paper, departs from linearity at 8,400 cfs, which is considered as the upper limit of base ilow for the purpose of this study. The total rainfall throughout the basin of 11.50 inches was planimetered from the isohyetal map (pi. 9). The rainfall was distributed on a time basis in accordance with the rainfall distribution at the recording rain gage at Hyampom, the one closest to the center of mass of the basin. A basin-wide distribution of rainfall based on an average distribution at the four recording rain gages was tried but gave poor results. Figure 53 shows the time distribution of rainfall that was used, as well as a mass curve of basinwide rainfall based on that distribution. Infiltration "losses" were assumed to have occurred at the rate of 0.06 inch per hour during the first phase of the storm, 0.04 inch per hour during the second phase, and 0.03 inch per hour during the final phase of the storm.
The magnitude of these losses is dictated by the need to make surface runoff equal rainfall excess. Because of the uncertainties connected with computing the volume of precipitation on a mountainous basin from a sparse network of rain gages, the computed losses are actually index figures rather than absolute values.
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